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(54) Title: INSTRUMENTED GOLF CLUB SYSTEM AND METHOD OF USE 
(57) Abstract 

An instrumented golf club system (2) hav- 
ing an instrumented golf club (10), an interface 
means (18) and a computing means (28) is dis- 
closed herein. The instrumented golf club (10) 
includes a plurality of sensors (62, 64, 66, 68, 102, 
104, 124, 126, 128 and 130), an internal power 
supply (92, 94), an angular rate sensor (98) and 
an internal ring buffer memory (134) for captur- 
ing data relating to a golf swing. The interface 
means (18) is capable of transferring data from 
the instrumented golf club (10) to the computing 
means (28) for processing the data and presenting 
the data in a useful and informative format. The 
data may be used to assist a golfer's swing, or to 
design an appropriate golf club for a specific type 
of golfer. 
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Title 

INSTRUMENTED GOLF CLUB SYSTEM & 
METHOD OF USE 

Technical Field 

The present invention relates to golf equipment and, more specifically, to an 
instrumented golf club system having the ability to make quantitative measurements 
of specific mechanical or physical properties of the golf club during a golf swing. 
Data descriptive of the measured properties is stored within a memory device 
provided in the instrumented golf club. 

Background Art 

Various data measuring and collecting devices and* methods are used for 
analyzing a golf club during a golf swing. In a similar manner, the effectiveness of a 
golf ball impact with the golf club during the golf swing can be measured in terms of 
initial launch conditions. Such launch conditions include the initial velocity, launch 
angle, spin rate and spin axis of the golf ball. These launch conditions are determined 
principally by the velocity of a club head at impact and the loft and angle of a club 
face relative to the intended trajectory of the golf ball's flight. There are two general 
methods for analyzing the golf club during a golf swing: visual analysis and 
quantitative variable analysis. 

The method of analyzing a golf club during a golf swing using visual analysis 
typically is conducted by a golf instructor capable of visually discerning golf swing 
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variables, and suggesting corrections in the golfer's swing to provide improvement. 
However, not every golfer has ready access to professional golf instruction. The 
golfer also can diagnose certain swing faults using visual analysis methodology 
employing one or more cameras to record the golfer's swing and comparing it to a 
5 model swing. Using various camera angles and slow motion play back, the actual 
swing motion can be reviewed and altered in subsequent swings. 

On the other hand, quantitative variable analysis employs sensors to directly 
measure various mechanical or physical properties of the golf club during the swing 
. motion. Sensors, such as strain gauges or accelerometers, typically are attached to the 
10 shaft or the golf club head. Data collected from these sensors then may be transferred 
to a signal processor via wires or radio waves, and can be presented in various 
graphical formats, including graphical and tabular charts. A significant drawback 
associated with the use of wires in an instrumented golf club is that the wires can be 
very cumbersome, and can become obtrusive to the golfer when the golfer attempts to 
15 swing the golf club. Several different approaches to analyzing a golf club or baseball 
bat during a baseball or golf swing using quantitative variable analysis are discussed 

in the patents listed below. 

For example, in U.S. Pat. No. 4,759,219, issued to Cobb et al., the 
specification discloses a baseball bat with a self-contained measuring device and 
20 display. A spring potentiometer is used to measure centrifugal force, and an LED or 
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LCD displays the measured force. However, this bat does not contain any data 
storage capability. 

U.S. Pat. No. 5,233,544, issued to Kobayashi, discloses a golf club having 
multiple sensors, and a cable for transmitting data to a computer for data processing. 
5 This arrangement can accommodate up to 5 sensors in a cartridge located in the 
handle region of the golf club. 

U.S. Pat. No. 3,182,508, issued to Varju, discloses the use of a strain gauge in 
the bottom of a golf club, and a wire for connecting the sensor to a data processing 
means located separate from the golf club. 
10 U.S. Pat. No. 5,694,340, issued to Kim, discloses the use of multiple sensors 

for measuring the acceleration of a golf club, and uses either a cable or radio 
transmissions to transfer data from the sensors to an external data processing means. 

U.S. Pat. No. 4,991,850, issued to Wilhelm, discloses the use of a sensor for 
measuring the applied force of a golf swing. The sensor data can be displayed on a 
15 wrist-mounted arrangement or be downloaded to a computer via cable or radio 
transmission. 

U.S. Pat. No. 3,792,863, issued to Evans, discloses the use of multiple sensors, 
including an accelerometer and strain gauges, to measure torque and flex. Data is 
transferred from the golf club to a data analysis station via FM radio signals, with 
20 each sensor having its own data transfer frequency. 
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Thus, data transfer to an external memory device is a significant drawback. 
The cumbersome nature of data transfer via cables or wires affects the motion and feel 
of a golfer's actual golf swing. In addition, while the use of radio transmissions is 
preferable to the use of wires or cables emanating from the golf club for transferring 
5 data, a transmitter adds excessive weight. The effective range of these wireless 
instrumented golf clubs is limited by the low power used in such embodiments, and 
the accuracy of the radio transmitted data is subject to interference or noise from other 
sources of nearby radio transmissions. 

Furthermore, in conventional systems, the receiving equipment typically must 
10 be located in close proximity to the radio transmitter disposed in the golf club thereby 
restricting the flexibility and portability of using such systems. Thus, it is desirable to 
provide an instrumented golf club that approximates the weight, balance and feel of a 
golfer's own golf club, in order to ensure that the data collected from the instrumented 
golf club is applicable to the golfer's actual golf swing. It also may be desirable to 
15 provide additional sensors for measuring certain parameters of a golf swing that have 
previously not been available in instrumented golf clubs. It further may be desirable 
to provide an efficient means of memory storage within the instrumented golf club to 
enable internal data capture and storage until the user is ready to download the data 
for further processing. It further may be desirable to provide data from the 
20 instrumented golf club for golf club design. 
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Disclosure Of The Invention 
The instrumented golf club system of the present invention comprises an 
internally powered and instrumented golf club with multiple sensors to measure, store, 
and provide an external display of quantitative variables of a golf club during a golf 
5 swing. A distinctive feature of the instrumented golf club of the present invention is 
the use of a data storage memory device located within the instrumented golf club. 
This eliminates the need to use radio transmission hardware, data cables or wires to 
transfer data to an external data processing means. This also allows a golfer to swing 
the instrumented golf club without getting entangled in cables or wires, thus better 
10 allowing the golfer to replicate his or her natural golf swing. 

In a preferred embodiment, a loop memory device, or ring buffer memory 
device, is used to continuously store measured data. New data replaces older data in 
the ring buffer during each successive cycle. The use of a ring buffer memory device 
is preferable for the creation of an instrumented golf club that is lightweight and free 
15 of cables or radio transmitters. Using a linear data capture approach, as taught by the 
prior art, would require extensive amounts of memory, and would make it very 
difficult to provide such memory requirements completely internal to an instrumented 
golf club. It is through the use of the ring buffer memory that one is able to efficiently 
capture the desired swing data of interest, such as impact with a golf ball, and 
20 eliminate the need to provide internal memory to capture data unrelated to a golfer's 



swings. 
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Incorporating an internal power source for the instrumented golf club of the 
present invention is preferred for providing the benefits of flexibility and mobility. 
Location of the internal power source also can be used to provide a proper weight 
balance, or swing weight, for the instrumented golf club, thereby closely 
5 approximating the golfer's own golf club. Although the internal power source can be 
placed in various locations within the instrumented golf club, in a preferred 
embodiment, a battery tube and one or more batteries are located within a distal end 
region, or grip region, of the shaft. This location serves the dual purpose of balancing 
the weight of the instrumented golf club and providing ready access to the batteries 

1 0 for testing or replacement. 

Furthermore, the rotation rate about a predefined coordinate system of any 
desired point on or inside the instrumented golf club can be measured directly by an 
angular rate sensor. Use of an angular rate sensor provides accurate data for 
measuring the specific rotation rate of an instrumented golf club. In the prior art, 
15 instrumented golf clubs used a combination of sensors to formulate an indirect 
measurement of rotation rate, which resulted in imprecise measurements. Thus, due 
to the importance of accurately measuring this particular swing variable, it is desirable 
to provide a means of capturing accurate angular rotation rate data. 

The instrumented golf club system of the present invention further comprises 
20 an external data processing means and an interface means to provide communication 
between the instrumented golf club and the external data processing means, or 
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computing means. Quantitative swing data can be captured, transferred to the 
processing means, and then presented in any number of graphical, tabular or other 
visual formats to provide a golfer with meaningful feedback regarding the dynamics 
of a golf swing. 

5 In addition, the instrumented golf club system of the present invention can be 

used as a design tool for golf clubs including investigation of such variables as club 
head geometry, shaft dynamics, structural material behavior and type and location of 
weighting materials. As an example, the effect of different club head weighting 
locations can be measured for a wide range of golf swings to provide improved 
1 0 performance within this range of swings. 

Accordingly, it is an object of the present invention to provide an instrumented 
golf club capable of measuring and storing data within the instrumented golf club 
without the use of an intermediate conduit such as external data transfer cables, wires 
or radio transmissions, thereby allowing greater flexibility and mobility to a user of 
15 the instrumented golf club. 

Brief Description Of The Drawings 
Fig. 1 is a perspective view of an instrumented golf club system in accordance 
with an embodiment of the present invention comprising an instrumented golf club, an 
20 associated interface cradle and an external computing means. 
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Fig. 2 is a toe perspective view of an instrumented golf club head in 
accordance with an embodiment of the present invention illustrating a predetermined 

XYZ coordinate system. 

Fig. 2A is an illustration of shaft bending planes of the instrumented golf club 
5 in accordance with an embodiment of the present invention. 

Fig. 3 is a bottom perspective view of the instrumented golf club head in 
accordance with an embodiment of the present invention. 

Fig. 4 is a view of a segment of the instrumented golf club, as defined by the 
area IV-IV in Fig. 1. and shows 2 orthogonally positioned strain gauge sensors on a 
10 front surface and 2 orthogonally positioned strain gauge sensors in phantom on a back 
surface. 

Fig. 5 is a perspective cut-away view of the instrumented golf club in 
accordance with an embodiment of the present invention showing a plurality of circuit 
boards in the golf club head, and a cut-away view of the grip region. 
15 Fig. 5 A is a perspective cut-away view of the instrumented golf club in 

accordance with an alternative embodiment of the present invention showing a 
plurality of circuit boards in the golf club head and also in the shaft. 

Fig. 6 is an exploded perspective view of the circuit boards of Fig. 5. 
Fig. 7 (7A, 7B and 7C) shows a flow chart illustrating the operational steps of 
20 the instrumented golf club system in accordance with an embodiment of the present 
invention. 
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Fig. 8 is a sample test interface screen. 

Fig. 9 is a sample sensor screen. 

Fig. 10 displays sample initial values for all sensors. 

Fig. 11 displays sample sensor values during a typical golf swing and ball - 

impact. 

Fig. 12 is a graphical presentation of strain gauge sensor data recorded during 

a typical golf swing. 

Fig. 13 is a graphical presentation of acceleration sensor data recorded during 

atypical golf swing. 

Fig. 14 is a graphical presentation of angular rate sensor data recorded during a 

typical golf swing. 



Best Mode(s) For Carrying Out The Invention 
Like numbers are used throughout the detailed description to designate 
15 . corresponding parts of the instrumented golf club system of the present invention. 

Fig. 1 illustrates an instrumented golf club system 2 comprising an 
instrumented golf club 10, an interface cradle 18 and a computing or data processing 
m eans 28. The instrumented golf club 10 comprises a grip 12, a shaft 14, a club head 
,6 and a plurality of sensors 62, 64, 66, 68, 98, 102 104, 124, 126, 128 and 130 (as 
20 shown in Fig, 4 and 5) and as further described below. Data measured by the sensors 
62, 64, 66, 68, 98, 102, 104, 124, 126, 128 and 130 is transferred from the 
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instrumented golf club 10 to the computing means 28 via the interface cradle 18. A 
first pin 20 and a second pin 22 provide positive and negative external power to the 
instrumented golf club 10 to prevent depletion of the internal power supply (discussed 
in further detail below) in the instrumented golf club 10. A third pin 24 provides a 
5 data path from the data processing means 28 to the instrumented golf club 10. A 
fourth pin 26 provides a data path from the instrumented golf club 10 to the data 

processing means 28. 

In a preferred embodiment, the club head 16 is made of titanium and alone 
weighs approximately 157 grams, as compared to a standard weight club head that 
10 weighs between 195-200 grams. The club head 16 of the present invention is 
preferably lighter in weight than standard club heads to compensate for the weight 
contribution of the circuitry and electronic elements arranged inside the club head 16. 
Thus, the club head 16, when combined with the circuitry and electronic elements, 
should approximate the weight of a standard club head. 
15 Fig. 2 is a top perspective view of the club head 16, comprising a top 30, a 

heel region 32, a face 34, a toe region 36, a rear region 38 and a ribbon 40. A first 
contact point 42, a second contact point 44, a third contact point 46 and a fourth 
contact point 48 are located within the ribbon 40 in the toe region 36, and are 
designed to interface with the pins 20, 22, 24 and 26, respectively, of the interface 
20 cradle 18. A right-hand coordinate system is used, and is illustrated by the 
designation of the X, Y and Z axes in Fig. 2. The X axis is oriented vertically (at 
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address position) from a soleplate 54 (as shown in Fig. 3) to the top 30 of the club 
head 16. The Y akis is oriented horizontally (at address position) from the toe region 
36 to the heel region 32. The Z axis is oriented horizontally (at address position) from 

the face 34 to the rear region 38. 
5 Fig. 2A is an illustration showing a first bending plane 49, and a second 

bending plane 51, wherein, the central axis of the shaft 14 (not shown) defines the 
intersection line of the first bending plane 49, and the second bending plane 51. The 
first bending plane 49 is aligned with the face 34 of the club head 16, and the second 
bending plane 5 1 is at a 90° angle, or orthogonal, to the first bending plane 49. 
10 As shown in FIG. 3, the club head 16 has an inlet 50 leading to the interior of 

the club head 16. The club head also has a bore 52 for receiving the shaft 14 (not 
shown), and the soleplate 54. The soleplate 54 is secured to the club head 16 via a 
first screw 56, a second screw 58 and a third screw 60. 

Fig. 4 is a view of a segment of the instrumented golf club, as defined by the 
15 area 1V-IV in Fig. 1, and shows a first strain gauge 62. a second strain gauge 64, a 
third strain gauge 66 (in phantom) and a fourth strain gauge 68 (in phantom), all 
arranged at 90' intervals around the shaft 14. The first strain gauge 62 contains a first 
wire 70, a second wire 72 and a third wire 74. The second strain gauge 64 contains a 
fourth wire 76 (in phantom), and a fifth wire 78 (in phantom). The third strain gauge 
20 66 (in phantom), contains a sixth wire 80 (in phantom) and the first wire 70 from the 
first strain gauge 62. The fourth strain gauge 68 (in phantom), contains a seventh wire 
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82 (in phantom), an eighth wire 84 (in phantom) and the fifth wire 78 from the second 
strain gauge 64. The second strain gauge 64, in conjunction with the fourth strain 
gauge 68, act in unison to measure the flexure of the shaft 14 in the first bending plane 
49 (as shown in Fig. 2A). Similarly, the first strain gauge 62, in conjunction with the 
5 third strain gauge 66, act in unison to measure the flexure of the shaft 14 in the second 
bending plane 51, which is orthogonal to the first bending plane 49 (as shown in Fig. 
2A). 

Fig. 5 is a perspective cut-away view of the instrumented golf club 10, 
showing a cut-away view of the club head 16 and a cut-away view of the grip 12 
10 region of the shaft 14. The shaft 14 has an opening at a distal end 86. A cap 88 is 
used to cover a battery tube 90 located within the shaft 14. In a preferred 
embodiment, the battery tube 90 contains a first battery 92, a second battery 94 and a 
third battery 96. The batteries 92, 94 and 96 provide internal power for the 

instrumented golf club 10. 

15 • An angular rate sensor 98 is located proximate the battery tube 90, and 
provides a direct measurement of the rotation rate of the grip area of the shaft 14. In a 
preferred embodiment, the angular rate sensor 98 is manufactured by Crossbow 
Technologies, Inc., of San Jose, California, model number CGX500M1. Data 
m easured by the angular rate sensor 98 is transmitted to an internal memory device of 

20 the club head 16 via an ARS (Angular Rate Sensor) wire 100. 



A 
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A fifth strain gauge 102 and a sixth strain gauge 104, located 180° apart on the 
shaft 14, are shown near the club head 16. The fifth strain gauge 102 contains a ninth 
wire 106, a tenth wire 108 and an eleventh wire 110. The sixth strain gauge 104 
contains a twelfth wire 1 12 and the ninth wire 106. The ninth wire 106 is common to 
5 both the fifth strain gauge 102 and the sixth strain gauge 104. The fifth strain gauge 
102, in conjunction with the sixth strain gauge 104, act in unison to measure the 
flexure of the shaft 14 in the first bending plane 49. The wires 72, 74 and 80 carry 
signals from the first strain gauge 62 and the third strain gauge 66 to a strain gauge 
conditioning board 122 within the club head 16. The wires 76, 82 and 84 carry 
10 signals from the second strain gauge 64 and the fourth strain gauge 68 to the strain 
gauge conditioning board 122 within the club head 16. The wires 108, 110 and 112 
carry signals from the fifth strain gauge 102 and the sixth strain gauge 104 to the 
strain gauge conditioning board 122 within the club head 16. 

A thin layer of a flexible polymer (not illustrated), such as epoxy, is used to 
15 bond the wires to the shaft 14 while retaining pliability for flexing of the shaft 14. In 
a preferred embodiment, the wires from the sensors in the grip 12 region of the 
instrumented golf club 10 are routed down the length of the shaft 14 on a side of the 
shaft 14 facing a user when the instrumented golf club 10 is at golf ball address 
position (not shown). This is a preferred location for the routing of the wires on the 
20 shaft 14 since this region of the shaft 14 experiences lower stresses than the other 
regions of the shaft 14, and thus, may eliminate the need to use more expensive 
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flexible wiring circuitry. The wires 72, 74, 76, 80, 82, 84, 108, 110 and 112 are 
drawn together to form a bundle wire 1 14 to enter the club head 16 via the inlet 50. 
The interior of the club head 16 contains an acceleration board 1 16, a processor board 
1 18, a power board 120 and the strain gauge conditioning board 122. 
5 An insulation material is used to ensure the longevity of the circuitry and 

electronic elements during repeated impacts with golf balls. In a preferred 
embodiment, urethane injectable foam (not illustrated) is placed around the inside of 
the club head 16 to act as a shock absorber. The urethane foam, along with a glass 
filled epoxy (not illustrated), act as a rigid support between the accelerometer board 
10 1 16, the processor board 1 18, the power board 120 and the strain gauge conditioning 
board 122. 

The accelerometer board 116 contains a first accelerometer 124, a second 
accelerometer 126, a third accelerometer 128 and a fourth accelerometer 130. The 
accelerometers 124, 126, 128 and 130 measure acceleration of the club head 16 in the 

15 direction of the three principal axes X, Y and Z (as shown in Fig. 2). Note that the 
wires 72, 74, 76, 80, 82, 84, 108, 110 and 112 are directed to the strain gauge 
conditioning board 122. The ARS wire 100, wire from battery tube 90, and plurality 
of wires from the contact points 42, 44, 46 and 48 are directed to the power board 120. 
Fig. 5A is a perspective cut-away view of the instrumented golf club 10, 

20 showing a cut-away view of the club head 16 and a cut-away view of the grip 12 
region of the shaft 14. In this embodiment, more of the electronics are moved to the 
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shaft 14 from the club head 16. In this embodiment, the club head 16 only contains 
the accelerometer board 116 and a strain gauge conditioning board 122a for the 
accelerometers and the tip end strain gauge (including the low-pass filters for the 
accelerometer channels). The other components have been moved to the grip region 
5 12 of the shaft 14 in order to adjust the weighting of the golf club 10 and to allow for 
greater protection of the components within the club head 16. Also, the club head 16 
may be larger in overall volume, from 210 to 300 cubic centimeters, and may also be 
composed of a composite material such as described in U.S. Patent Number 6,010,41 1 
for Densified Loaded Films In Composite Golf Club Heads, which is hereby 
1 0 incorporated by reference. 

In addition to having a greater number of electronic components, the shaft 14 
of this embodiment is also designed for downloading of the stored information to the 
computer 28. Instead of placing the club head 16 into the interface cradle 18, a 
connector, not shown, is inserted into the grip end of the shaft 14 and connected to an 
15 internal download connector 121. Further, this embodiment allows for the use of 
standard shafts and only slightly modified club heads. 

The shaft 14 of this embodiment contains the first and second batteries 92 and 
94, the angular rate sensor 98 disposed above the batteries 92 and 94, the processing 
board 1 18, the power board 120, a second strain gauge conditioning board 122a, 
20 analog filters and the memory chip. However, those skilled in the pertinent art will 
recognize that other electronic components may be shifted between the club head 16 
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and shaft 14 without departing from the scope and content of the present invention. 
The operations of this embodiment are similar to the operations of the embodiment of 
FIG. 5, and vary only in the placement of the components and the interface means 
used to download the information. 
5 As shown in Fig. 6, the accelerometers 124, 126, 128 and 130 are disposed on 

the accelerometer board 116. The first accelerometer 124 measures the acceleration 
of the toe region 36 of the club head 16 along the Z axis. The fourth accelerometer 
130 measures the acceleration of the heel region 32 of the club head 16 in the Z axis. 
The second accelerometer 126 and the third accelerometer 128 measure acceleration 
10 of the club head 16 in the X and Y axes (as shown in Fig. 2), respectively. 

The processor board 1 18 comprises an analog to digital converter 132, a ring 
buffer memory 134, a main microprocessor 136 and a secondary microprocessor 138. 
The ring buffer memory 134 can comprise multiple segments, each acting as an 
individual ring buffer memory 134. The ring buffer memory 134 records data in a 
IS loop configuration. More precisely, data is continually recorded while traversing the 
loop, and the oldest data will continually be replaced with the newest data. Such data 
recording is analogous to a clock, where a second hand records and deposits data on 
its path around the clock face. If the start of data recording is 12 o'clock, and the 

20 position will be replaced by new data. The power board 120 comprises a vo.tage 
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distributor 140 to provide proper voltage to all of the circuitry and electronic elements 

of the instrumented golf club 10. 

The strain gauge conditioning board 122 comprises a first strain gauge circuit 
142, a second strain gauge circuit 144 and a third strain gauge circuit 146. The first 
5 strain gauge circuit 142 functions as a wheatstone bridge, and receives signals from 
the first strain gauge 62 (as shown in Fig. 4) and the third strain gauge 66 (as shown in 
phantom in Fig. 4), via the associated wires 72, 74 and 80. The resultant product from 
the first strain gauge circuit 142 is a measure of flexure of the shaft 14 in the second 
bending plane 51, at the location of the first and the third strain gauge 62 and 66. The 
,0 second strain gauge circuit 144 is another wheatstone bridge, and functions in a 
manner similar to the first strain gauge circuit 142, but receives signals from the 
second strain gauge 64 (as shown in Fig.4) and the fourth strain gauge 68 (as shown in 
phantom in Fig. 4), via the associated wires 76, 82 and 84. The resultant product from 
the second strain gauge circuit 144 is a measure of the flexure of the shaft 14 in the 
15 first bending plane 49 at the location of the second and the fourth strain gauges 64 and 
68. The third strain gauge circuit 146 also functions as a wheatstone bridge, but 
receives signals from the fifth strain gauge 102 (as shown in Fig. 5) and the sixth 
strain gauge 104 (as shown in phantom in Fig. 5), via the associated wires 108, 110 
and 1 12. The resultant product from the third strain gauge circuit 146 is a measure of 
20 the flexure of the shaft 14 in the first bending plane 49, at the location of the fifth and 
the sixth strain gauges 1 02 and 1 04. 
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Fig. 7 is a flow chart illustrating the steps of operation of the instrumented golf 
system (as shown in Fig. 1) of the present invention, starting at step 200. The entire 
flow chart is shown in three segments, Fig, 7A, 7B and 7C. A swing analysis 
software program accessible within the computing or data processing means 28 is 
5 openedatstep202toconf 1 rmthereadystatusoftheprogram. If the program is not 
responding, at step 204 the program may be re-opened or the computing means 28 
may be re-booted. 

A, step 206. the indented golf club .0 is placed into the interface cradle 
,8. The firsr, second, third and fourth pins 20, 22, 24 and 26 of the interface cradle 18 
10 are aligned with the first, second, tUrd and four* contact points 42, 44, 46 and 48, 
respectively, of the club head .6. At sup 208, an inquiry is made conceding Ore 
proper connection between the club bead 16 and the interface e,ad,e .8. The 
connections confirmed by illumination of a green light onto interface cradle 18. If 
.Ms Ugh. is no, illuming various action, can be utilized a, step 2.0 to correct the 
15 problem and establish a proper connection. The embodiment o, FIO. 5A uses a 
siraila r procure, however, with the grip interface means instead o, the interface 
cradle 18. 

At step 210, possible solutions include the following: checking the alignment 

. .ir- _eu „c in T? ?4 and 26 with the first, second, third 
of the first, second, third and fourth pins, 20, 22, 24 ana zo wiui 

20 and fourth contact points 42, 44, 46 and 48 on the club head 16; checking the 
condition of the first, second and third batteries 92, 94 and 96; checking the cycle 
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power by removing the first, second and third batteries 92, 94 and 96 from the battery 
tube 90 for at least 5 seconds; and checking for and removing dirt or oxidation on 
first, second, third and fourth pins 20, 22, 24 and 26, and/or first, second, third and 
fourth contact points 42, 44, 46 and 48. 
5 At step 212, a test interface screen (as shown in Fig. 8) is opened to verify that 

the computing means 28 is in communication with the instrumented golf club 10 at 
step 214. At step 216, if no communication is established, the following may be 
performed: checking the first, second and third batteries 92, 94 and 96; checking the 
connection between the interface cradle 18 and the computing means 28; and, 
10 checking cycle power by removing the first, second, and third batteries 92, 94 and 96 
from the battery tube 90 for at least 5 seconds. At step 218, initialization is 
commenced for the first, second, third, fourth, fifth and sixth strain gauges 62, 64, 66, 
68, 102 and 104, respectively, the angular rate sensor 98, and the first, second, third 
and fourth accelerometers, 124, 126, 128 and 130. At step 218, clearing of the ring 

1 5 buffer memory 1 34 is also performed. 

At step 220, the opening and verification of the sensor screen (as shown in Fig. 
9) is performed. At step 222, testing of the dynamic operation of the instrumented 
golf club 10 is performed. At step 224, an inquiry is made concerning the function of 
the first, second, third, fourth, fifth and sixth strain gauges 62, 64, 66, 68, 102 and 

20 104. At step 226, if the strain gauges are not operating correctly, the following is 
conducted: checking the wires 72, 74, 76, 80, 82. 84, 108, 110 and 112 at the strain 
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gauge conditioning board 122; checking the wires 70, 72 and 74 at the first strain 
gauge 62; checking the wires 76 and 78 of the second strain gauge 64; checking the 
wires 70 and 80 of the third strain gauge 66; checking the wires 78, 82 and 84 of the 
fourth strain gauge 68: checking the wires 106, 108 and 110 of the fifth strain gauge 

5 102; checking the wires 106 and 1 12 of the sixth strain gauge 104; checking the first, 
second and third strain gauge circuits 142, 144 and 146; and checking the first, 
second, third, fourth, fifth and sixth strain gauges 62, 64, 66, 68, 102 and 104. At step 
228, zeroes and shunt calibration are verified for the first, second, third, fourth, fifth 
and sixth strain gauges, 62, 64, 66, 68, 102 and 104, respectively, by manually 

10 bending the shaft 14 and monitoring data on the verification screen (as shown in Fig. 

9). 

In Fig. 7B, at step 230, operation of first, second, third and fourth 
accelerometers 124, 126, 128 and 130 is verified. At step 232, if any of the 
accelerometers are not operating correctly, the accelerometer board 116 is placed on 
15 an oscilloscope. At step 234, zeroes for first, second, third and fourth accelerometers 
.124, 126, 128 and 130, respectfully, are verified by manually inverting the interface 
cradle 18, and noting values on the sensor screen (as shown in Fig. 9). At step 236, 
operation of the angular rate sensor 98 is verified. At step 240, if the angular rate 
sensor 98 is not operating correctly, the ARS wire 100 connection with the angular 
20 rate sensor 98 and connection at the power board 120 is investigated for proper 
connection. If the angular rate sensor is operating correctly, then at step 238, the 
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initial value for the angular rate sensor 98 is verified by manually rotating the 
interface cradle 18 and noting values on the sensor screen (as shown in Fig. 9). The 
embodiment of FIG. 5A requires manual rotation of the golf club 10 itself for 
verification of the angular rate sensor 98 . 
5 At step 242, an inquiry is made concerning removal of the instrumented golf 

club 10 from the interface cradle 18. If the answer to the inquiry is no, then one 
proceeds to step 248. However, if the answer to the inquiry is yes, then at step 244. an 
inquiry is made concerning the removal of any of the first, second or third batteries 
92, 94 or 96 from the club 10 for troubleshooting. If the answer to the inquiry is yes, 
10 then at step 246 new batteries are inserted and one returns to step 206. If the first, 
second and third batteries 92, 94 and 96 have remained within the battery tube 90, and 
are providing constant power to the instrumented golf club 10, then at step 248 the 
instrumented golf club 10 is removed from the interface cradle 18. 

At this point, the instrumented golf club 10 of the instrumented golf club 
15 system 2 switches from external power to internal power supplied by the batteries 92, 
94 and 96, and the ring buffer memory 134 starts recording data (as shown in Fig. 
10). The instrumented golf club 10 can record data and maintain internal power for 
approximately 2 hours before it should be returned to the interface cradle 18. The 
embodiment of FIG. 5A operates on internal power once the grip interface means is 
20 disconnected from the download connector 121 . 
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At step 250, the golfer then takes a normal swing to hit a golf ball. At step 
252, if the data from the first or fourth accelerometer 124 or 130, respectively, is 
above a 250 g (acceleration due to gravity) threshold, then at step 254 the ring buffer 
memory 134 records a data block. This also is referred to as an impact threshold 
5 triggering event. In a preferred embodiment of the present invention, the ring buffer 
memory 134 can record up to eight golf swings and store the corresponding data for 
theseei g htgolfswingsinthedatablockl50,notshown. The instrumented golf club 
system 2 may be configured such that the ring buffer memory 1 34 will not record over 
the existing data block 150 if the golfer takes more than eight swings. 
10 In a preferred embodiment, the duration of the data block 150 should be 

sufficient to include a backswing initiation point 152, a backswing phase 154, a 
downswing phase 156, an impact point 158, and the deceleration of the instrumented 
golf club 10 in a follow through phase 160, all of which are indicated in Figs. 1 1-14. 
Accordingly, the data block 150 is defined by a pre-impact recording time 162, the 
,5 impact point 158 and a post-impact recording time 164. Preferably, the pre-impact 
recording time is approximately 3 seconds, and the post impact recording time is 
approximately 1 second. More precisely, after impact is detected, the ring buffer 
memory 134 will preserve data corresponding to the 3 seconds prior to impact and the 
1 second following impact. The data collection rate, or scan rate, is a sampling of 
20 data every 2 milliseconds. However, it is understood that if more precise data is 
desired pertaining to the impact point 158, or any other phase of the golfer's swing, 
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the data collection rate can be increased by reducing the time interval between 
samplings. 

In Fig. 7C, at step 256, the instrumented golf club system 2 establishes a 
unique address location and pointers for the data block 150. At step 258, pointers are 
5 dictated by the secondary microprocessor 138. At step 260, an inquiry is made 
concerning the completion of the test. If the answer to the inquiry is no, then at step 
262 an inquiry is made to ascertain if eight swings have been taken by the golfer. If 
the answer to this inquiry is no, then at step 264 one returns to step 250. If the answer 
to this inquiry is yes, or if the test has been completed, one proceeds to step 266. The 
,0 collection of swing data may be complete at step 260 once the golfer has taken eight 
swings, or less, if the golfer is satisfied with the number of swings. 

At step 266, the instrumented golf club 10 is replaced into the interface cradle 
18 in order to execute the transfer of the data block 150 to the computing means 28. 
When the instrumented golf club 10 is placed into the interface cradle 1 8, external 
, 5 power is supplied to the instrumented golf club 10 and the batteries 92, 94 and 96 are 
switched to a sleep mode by the instrumented golf club system 2. The embodiment of 
FIG. 5A reconnects the grip interface means to the download connector 121 . 

At step 268, proper connection between the club head 16 and the interface 
cradle 18 is confirmed by a green light on the interface cradle 18. If this green light is 
20 not illuminated, various actions can be utilized at step 270 to correct the problem and 
establish a proper connection. At step 270, possible solutions include the following: 
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checking the alignment of the first, second, third and fourth pins, 20, 22, 24 and 26 
with the first, second, third and fourth contact points 42, 44. 46 and 48; checking the 
condition of the first, second and third batteries 92, 94 and 96; and checking for and 
removing dirt or oxidation on the first, second, third and fourth pins 20, 22, 24 and 26, 
5 and/or first, second, third and fourth contact points 42, 44, 46 and 48. 

Once a proper interface connection is established at step 268, at step 272 the 
data block 150 is downloaded to the computing means 28. At step 274, an operator of 
the instrumented golf club system 2 examines all instances of the data block 150 for 
anomalies. At step 276, an inquiry concerning anomalies results in a return to step 
10 272 if anomalies are present, or proceeding to step 278 if there is an absence of 
anomalies. At step 278, the sensing, collecting, storing and downloading of swing 
data is complete. At this point, the collected data is presented in various formats to 
present useful and informative information to the golfer. It is understood that this raw 
data can be manipulated to present information to the golfer in a more user friendly 
15 manner. For example, instead of showing the golfer a graph of the data relating to the 
angular rate sensor, software can be developed that will graphically illustrate a golfer 
and golf club during a swing. This graphical illustration will be a visual 
representation of the same angular rate for a golf club as that of the recorded data. 

The sample interface test screen of Fig. 8 comprises four primary blocks: a 
20 Status block 300, a Header Information block 302, a Calibration Information block 
304 and a Swing Download block 306. The Status block 300 comprises a Status 
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display 308, to display the condition of the instrumented golf club system 2, and 
provides a Check Connection button 310 to verify communication between the 
instrumented golf club 10 and the data processing means 28. The Header Information 
block 302 comprises a Number of Swings display 312, a display for the Number of 
5 Active Channels 314, a Read Header button 316 and an Initialize OBD (On Board 
Diagnostics) button 318. The "8" appearing in the display for Number of Active 
Channels 314 represents the number of data streams, which are: the first strain gauge 
circuit 142; the second strain gauge circuit 144; the third strain gauge circuit 146; the 
first accelerometer 124; the second accelerometer 126; the third accelerometer 128; 
10 the fourth accelerometer 130; and the angular rate sensor 98. The Read Header button 
316 displays the number of swings recorded, up to eight in the preferred embodiment, 
while the Initialize OBD button 3 1 8 deletes previously recorded data: 

The Calibration Information block 304 includes: a Slope row 320; an Offset 
row 322 and a Zero Counts row 324; a Channel 0 column 326; a Channel 1 column 
15 328; a Channel 2 column 330; a Channel 3 col. 332; a Channel 4 column 334; a 
Channel 5 column 336; a Channel 6 column 338; and a Channel 7 column 340. The 
values in the Slope row 320, the Offset row 322 and the Zero Counts row 324 are used 
in a linear equation for each of the Channel columns 326, 328, 330, 332, 334, 336, 
338 and 340. The linear equation is a conversion from millivolts to engineering units. 
20 A Calibrate OBD button 342 is used to toggle between the display using voltage 
readings or engineering units. 
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The Swing Download block 306 comprises a Swing Number display 344. and 
a Scan Number display 346. The Swing Number display 344 notes which golf swing 
is being downloaded to the computing means 28, and the Scan Number display 346 
notes the sequential time line for data collection. A download display bar 348 
5 represents the percentage completion of the download session. A Read All Swings 
button 350 will download all data to the computing means 28. An Abort button 352 is 
used to terminate the downloading session. A Session Profile button 354 is used to 
display all header information associated with a single data download session, such as 
identification of the instrumented golf club 10, the golfer, the date, the number of 
10 swings 312, identification number of the session and related information. A Verify 
Sensor Operation button 356 will open the verify sensor operation screen of Fig. 9 (as 
presented below). A Communications Port Settings button 358 is used to change 
serial port communication settings, such as baud rate and serial port identification, 
associated with the interface cradle 18. A Close button 360 is used to exit the 

1 5 interface test screen of Fig. 8 . 

Fig. 9 illustrates a sample Verify Sensor Operation screen comprising a Sensor 
Real Time Display box 362, a Sensor Identity column header 364, a Current Value 
column header 366 and a Units column header 368, currently displaying Engineering 
Units. A Z-Surge Toe display 370, represents data from the first accelerometer 124; 

20 an X-Heave display 372, represents data from the second accelerometer 126; a Y- 
Sway display 374, represents data from the third accelerometer 128; a Z-Surge Heel 
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display 376, represents data from the fourth accelerometer 130; a Toe Down Butt 
display 378, represents data from the first strain gauge circuit 142; a Sending Butt 
display 380, represents data from the second strain gauge circuit 144; a Tip Bending 
display 382, represents data from the third strain gauge circuit 146; and a Rate Sensor 
5 display 384 represents data from the angular rate sensor 98. 

A Display RT button 386 is used to provide real time sensor data in the Sensor 
Real Time Display box 362, and a Stop RT button 388 is used to provide a static 
display in the Sensor Real Time Display box 362. A Toggle Units button 390 will 
provide either Direct Voltage readings, or Engineering Units, as shown in the Units 
10 header column 368, in the Sensor Real Time Display box 362. An Enable Shunt 
button 392 provides calibration of the first strain gauge circuit 142, the second strain 
gauge circuit 144 and the third strain gauge circuit 146. 

Calibration is accomplished by placing a known resistor within the desired 
strain gauge circuit, 142, 144 and/or 146, and verifying the correct display value for 
l5 the Toe Down Butt display 378, and/or the Sending Butt display 380, and/or the Tip 
Bending display 382, respectively. A Calibrate OBD button 396 is used to zero: the 
first accelerometer 124; the second accelerometer 126; the third accelerometer 128; 
the fourth accelerometer 130; the first strain gauge circuit 142; the second strain gauge 
circuit 144; the third strain gauge circuit 146; and the angular rate sensor 98. A Close 
20 button 398 is used to exit the Verify Sensor Operation screen of Fig. 9. . 
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Fig. 10 comprises sample initial data values when the instrumented golf club 10 
is in a ready state, before an actual swing and impact with a golf ball has occurred. 
The top of Fig. 10 contains the Slope row 320, the Offset row 322 and the Zero 
Counts row 324 (as shown in Fig. 8). The values in the Slope row 320, the Offset row 
5 322 and the Zero Counts row 324 are used in a linear equation for each of the Channel 
columns 326, 328, 330, 332, 334, 336, 338 and 340. The linear equation is a 
conversion from millivolts to engineering units. The Swing Number display 344 
notes which golf swing is being downloaded to the computing means 28, and the Scan 
Number display 346 notes the sequential time line for data collection. A Z 
10 Acceleration Heel column 400 is the Z-Surge Heel display 376 (as shown in Fig. 9), 
and represents data from the fourth accelerometer 130. 

An X Acceleration column 402 is the X-Heave display 372 (as shown in Fig. 
9), and represents data from the second accelerometer 126. A Y Acceleration column 
404 is the Y-Sway display 374 (as shown in Fig. 9), and represents data from the third 
15 accelerometer 128. A Z Acceleration Toe column 406 is the Z-Surge Toe display 370 
(as shown in Fig- 9), and represents data from the first accelerometer 124. A Butt TD 
column 408 is the Toe Down Butt display 378 (as shown in Fig. 9), and represents 
data from the first strain gauge circuit 142. A Butt Bend column 410 is the Sending 
Butt display 380 (as shown in Fig. 9), and represents data from second strain gauge 
20 circuit 144. The Tip Bend display 382 (as shown in Fig. 9) represents data from the 
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third strain gauge circuit 146. An Angular Rate column 412 is the Rate Sensor 
display 384 (as shown in Fig. 9), and represents data from the angular rate sensor 98. 

Fig. 11 is a sample display of data collected from a portion of a typical golf 
swing, comprising the impact point 158, which is recorded at Scan Number 1500, 
5 including data prior to impact from Scan Number 1460 to Scan Number 1499, and 
data following impact from Scan Number 1501 to Scan Number 1515. At a data 
collection rate of 2 milliseconds per sampling, Fig. 11, from Scan Number 1460- 
1515, represents approximately one-tenth of a second in real time data. 

The data in the Z Acceleration Heel column 400 is substantially constant prior 
10 to, and after, the impact point 1 58, as the Z axis is perpendicular to the motion of the 
instrumented golf club 10 during a typical golf swing. However, a large positive, or 
forward, acceleration occurs at the impact point 158 as the face 34 of the club head 16 
rotates through a hitting, or impact, area. The X Acceleration column 402 represents 
the centripetal component of acceleration, and shows a steady increase up to the 
15 .mpact point 158, a large value at the impact point 158, and constant values thereafter. 

The Y Acceleration column 404 represents the acceleration in the Y axis, and 
is substantially constant before and after the impact point 158, but falls to a minimum 
near the impact point 158. The Z Acceleration Toe column 406 represents 
acceleration in the Z axis, at the toe region 36 of the club head 16. The data in the Z 
20 Acceleration Toe column 406 closely approximates the trend of the Z Acceleration 
Heel column 400 data, but contains larger values because of the greater distance from 
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the shaft 14, i.e. during a swing, the toe region 36 moves more quickly about the shaft 
14 pivot axis than the heel region 32. The Butt TD column 408 represents data from 
the first strain gauge circuit 142, in the second bending plane 51. The data increases 
from negative to positive values, during the downswing, and undergoes a large change 

5 at the impact point 1 5 8 . 

The Butt Bend column 410 represents data from the second strain gauge 
circuit 144, in the first bending plane 49. The data increases from negative values to 
positive values, just prior to the impact point 158, while a large negative value is 
recorded at the impact point 158. The Tip Bend column 382 represents data from the 
10 third strain gauge circuit 146, in the first bending plane 49. The data increases in 
negative values up to the impact point 158, and remains a negative value thereafter. 
The Angular Rate column 412 represents a rotation rate about the shaft 14, at the 
location of the angular rate sensor 98, and the rotation rate increases until the 
instrumented golf club 10 reaches a maximum rotation rate near the impact point 158. 
IS Fig. 12 provides a sample graphical presentation of the Strain Gauge Circuit 

Data from Fig. 11. At the backswing initiation point 152, and into the backswing 
phase 154, the Butt TD column 408 data and the Butt Bend column 410 data both 
indicate positive values for the shaft 14. The motion is reversed during the 
downswing phase 156 of the shaft 14, and the values for the Butt TD column 408, and 
20 the Butt Bend column 410 data both indicate negative values. Maximum values for 
the Tip Bend column 382 data occurs at the impact point 1 58, which is consistent with 



WO 00/69528 PCT/USOO/12790 

31 

the expectation that the tip of the shaft 14 will experience the greatest amount of stress 
at impact. 

Fig. 13 provides a sample graphical presentation of the data from the first 
accelerometer 124, the second accelerometer 126, the third accelerometer 128 and the 
5 fourth accelerometer 130. Note that the Z Acceleration Toe column 406 data, and the 
Z Acceleration Heel column 400 data, are generally parallel prior to the impact point 
158, but diverge thereafter. The X Acceleration column 402 and the Y Acceleration 
column 404 are generally mirror images of one another, both before and after the 
impact point 158. This represents balanced and escalating acceleration values in the 
10 X and Y axis right up to the impact point 158, and indicates an efficient golf swing. 

Fig. 14 provides a sample graphical presentation for the Angular Rate Sensor 
98. The Angular Rate column 412 data reaches a maximum near the impact point 
158, which is consistent with the expectation that the club face undergoes the greatest 
change in angular rate as it approaches and leaves the impact area. 
15 Once the raw data is collected, it is understood that a person of ordinary skill 

in the art of computer programming can create a program that will take the raw data, 
and manipulate the data such that the characteristics of the golf club during the 
golfer's swing can be pictorially displayed in a more useful, informative and user 
friendly manner. A similar procedure can be used in golf club design, for example, to 
20 improve the club head geometry, select materials for the club head or shaft, or help 
locate weighting material within the club head. Furthermore, various tabular, 
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graphical, or other visual formats can be used to display this raw data, including 
synchronization of the data with a camera for highlighting the golfer's swing area of 
maximum club head acceleration, hand rotation and shaft bending stress. 

In addition, data from an individual golf swing or golf club design can be 
5 plotted against golf ball launch data associated with that golf swing or design, so that 
changes can be suggested to improve distance and accuracy. Cross-plotting of sensor 
data (i.e. a sensor plotted on the abscissa and a different sensor plotted on the 
ordinate) can also be used to. establish important relationships between two or more 
mechanical or physical variables, such as acceleration versus angular rate data. 
,0 It is understood that the sensors used in the instrumented golf club 10 may 

take different forms to achieve similar data. For example, an interferometer with fiber 
optics may be used for measuring acceleration instead of accelerometers. It is also 
understood that once an instrumented golf club system, such as the preferred 
embodiment of the instrumented golf club system 2 of the present invention, is 
15 disclosed, that a computer programmer of ordinary skill in the art can take this raw 
data and provide more user-friendly pictorial outputs. For example, by analyzing and 
processing the raw data on angular rate rotation in association with the acceleration of 
the heel region and toe region of the golf club head, a program can be created which 
will allow for the pictorial representation of a computer generated golf club head, as 
20 shown just prior to, during^ ™ S 
will provide the golfer with useful feedback beyond just the physically measured 



WO 00/69528 



PCTAJSOO/12790 



33 



numerical data, and will allow the golfer to understand whether or not the golfer is 
leaving the golf club face open during impact, or whether the golfer is closing the golf 

club face during impact. 

Further, the data may be used to design a golf club that is appropriate for a 
5 specific type of golfer, or even for an individual golfer. Various shafts may be 
utilized in the testing to determine which type of shaft may be appropriate for a 
specific type of golfer. The shafts may vary in length, thickness, flexibility, and the 
like. One example would have a golfer swing each type of shaft to determine which 
one was appropriate for that specific type of golfer. Alternatively, the data may be 
1 0 used to determine an appropriate shaft for a specific type of golfer. 

Various club heads also may be utilized in the testing to determine which type 
of club head may be appropriate for a specific type of golfer. The club heads may 
vary in material composition, mass, weight placement (e.g. .center of gravity 
purposes), and the like. As above, one example would have a golfer swing each type 
15 of club head to determine which one was appropriate for that specific type of golfer. 
Alternatively, the data may be used to determine an appropriate club head for a 
specific type of golfer. 
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1 . An instrumented golf club comprising: 

a club head and a shaft attached to the club head; 

at least one sensor disposed on or within the golf club, the at least one sensor 
capable of measuring data related to the club head or the shaft during a golf swing; 
and 

an internal memory device capable of receiving and storing data from the at 
least one sensor, the internal memory device disposed on or within the golf club. 

2. The instrumented golf club according to claim 1 wherein the internal memory 
device is a ring buffer memory capable of recording data when the instrumented golf 
club is in a ready state, and capable of capturing data both prior to and following an 
impact threshold triggering event. 

3. The instrumented golf club according to claim 2 wherein the ring buffer 
memory is capable of continually recording data in 2 millisecond or less increments. 



4. The instrumented golf club according to claim 1 wherein an accelerometer 
20 board, a processing board, a strain gauge conditioning board and a power board are all 
disposed within the club head, and at least one battery is disposed within the shaft. 
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5. The instrumented golf club according to claim 1 wherein an accelerometer 
board and a first strain gauge conditioning board are disposed within the club head, 
and a processing board, a second strain gauge conditioning board, a power board and 

5 at least one battery are all disposed within the shaft. 

6. The instrumented golf club according to claim 1 wherein the at least one 
sensor is a strain gauge. 



10 



7. The instrumented golf club according to claim 1 the at least one sensor is 
accelerometer. 



an 



8. The instrumented golf club according to claim 1 wherein the at least one 
sensor is a first angular rate sensor, the first angular rate sensor capable of directly 
15 measuring an angular rotation rate at a predetermined location on or within the 
instrumented golf club. 



20 
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9. A method for measuring and storing golf swing data, the method comprising: 
placing an instrumented golf club into a ready state; 
recording data from at least one sensor disposed within or on the 
instrumented golf club, the data recorded to an internal memory device 
disposed on or within the instrumented golf club; 

sensing a first impact threshold triggering event by the instrumented 

golf club; 

saving data to the internal memory device for a first predetermined 
period of time prior to the first impact threshold triggering event and a second 
predetermined period of time following the first impact threshold triggering 
event. 



10 
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10. The method according to claim 9 wherein the first predetermined period of 
time is greater than the second predetermined period of time. 

1L The method according to claim 9 wherein the internal memory device 
continually records data in increments of 2 milliseconds or less. 



20 
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12. The method according to claim 9 further comprising: 

storing the data into a data block on the internal memory device; 
sensing a plurality of impact threshold triggering events by the 
instrumented golf club, each of the plurality of impact threshold events resulting in 
5 data being saved to a corresponding data block on the internal memory device, data 
from each of the plurality of impact threshold events comprising data for a 
predetermined period of time prior to each of the plurality of impact threshold 
triggering events and a second predetermined period of time following each of the 
plurality of impact threshold triggering events. 
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13. The method according to claim 9 further comprising: 

placing the instrumented in golf club into an interface mechanism; and 
communicating the data from the internal memory device of the 

instrumented golf club to a computer via the interface mechanism. 
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